Background and purpose -Open-wedge osteotomies of the distal radius create a void that is usually filled with either iliac crest bone graft or bone substitute. Previous studies have suggested that this is unnecessary. We investigated the safety of omitting the filling procedure.

In some individuals, union of a distal radius fracture in a displaced position may cause pain and dysfunction in the affected wrist, which may be reduced by a corrective osteotomy. An open-wedge osteotomy creates a defect, and it is common practice to fill the void with an iliac crest bone graft (Prommersberger et al. 2002b , Ring et al. 2002 , Krukhaug and Hove 2007 . With modern osteosynthesis, the mechanical support of a cortical graft appears unnecessary and both structural and cancellous grafts have been shown to be sufficient (Ring et al. 2002) . Harvesting of the graft can, however, cause persistent donor site morbidity (Silber et al. 2003 , Sasso et al. 2005 and it prolongs the procedure. An alternative is to fill the void that has been created with bone substitute (Luchetti 2004 , Abramo et al. 2008 , Scheer and Adolfsson 2009 , Abramo et al. 2010 .
The excellent healing potential of the metaphyseal region of the distal radius (Prommersberger et al. 2002a ) has made the need for a bone graft questionable, and in a series of 35 cases (Wieland et al. 2005 ) and more recently in a series of 22 cases (Mahmoud et al. 2012) , no non-unions were reported, despite the fact that no bone graft was used. The aim of this study was to conduct a consecutive series of osteotomies without using any void filler, and to compare the results with those from a previous cohort using tricalcium phosphate (TCP) as bone substitute (Scheer and Adolfsson 2009 ).
Patients and methods

Study population
Based on a previous study using bone substitute (Scheer and Adolfsson 2009 ) in which we observed some subsidence of the osteotomy (probably due to an inflammatory reaction around the TCP graft), we performed a sample size calculation based on the hypothesis that there would be no subsidence using no void filler. Based on this calculation, we aimed for enrollment of 25 patients.
16 consecutive patients with symptomatic malunited distal radius fractures were eligible for inclusion between June 2008 and November 2011. 1 patient declined participation and 15 were enrolled in the study. The inclusion criterion was a malunion of a nonoperatively treated dorsally displaced fracture involving the distal radius metaphysis with significant residual symptoms of pain and/or loss of forearm rotation in patients over the age of 18. Exclusion criteria were intraarticular malunions, concomitant carpal ligament lesions, chronic inflammatory disease, use of immune suppressants or warfarin, and inability to understand the information given. The study was discontinued after 3 non-unions. Median age of the patients was 56 (21-62) years, and 14 were women. Surgery was undertaken at median of 12 (4-48) months after the fracture. Preoperative measurements showed a median dorsal angula-tion (with the shaft of the radius as a reference) of 17° (0-32), positive ulnar variance of 2 (−2 to 6) mm, and a radial height of 8 (−1 to 14) mm.
Surgical procedure 2 experienced wrist surgeons performed all the procedures. The osteotomies were planned with the aid of radiographs of the uninjured side, aiming to restore the congruence of the distal radioulnar (DRU) joint. A palmar approach through the tendon sheath of the flexor carpi radialis (FCR) tendons was used. The superficial head of the pronator quadratus (PQ) was released in an L-shaped fashion. An angle-stable osteotomy plate (3.5 mm; Königsee, Aschau, Germany) was positioned, allowing the distal screws to be inserted parallel to the joint surface. The plate and screws were then temporarily removed. The osteotomy was created using an oscillating saw-with irrigation-along the path of the previous fracture. The dorsal periosteum was then released with an elevator. A further aim was to recreate the "gothic arc shape" of the distal radioulnar interosseous space as seen on the PA view, in order to optimize DRU joint congruence. The plate and distal screws were reapplied and the distal fragment was positioned using images of the contralateral wrist as a template, addressing shortening and malangulation.
Postoperatively, a dorsal wrist splint was kept on for 2 weeks. Immediate unloaded hand therapy was started. Manual labor and activities against resistance were not permitted for 8 weeks. The use of NSAIDs (Kurmis et al. 2012 ) within the first 4 weeks after surgery was not allowed.
Radiographic measurements
Standard posteroanterior (PA) and lateral radiographs were obtained preoperatively, immediately postoperatively, after 3 months, and then every 6-8 weeks until the osteotomy was judged to be healed (see below). Dorsal angulation was measured on lateral views using the long axis of the radius as a reference, and connecting the palmar and dorsal lips (Goldfarb et al. 2001) . Ulnar variance was measured on the PA view using the method of perpendiculars (Steyers and Blair 1989) . Radial height was measured on the PA view as the distance between 2 lines perpendicular to the long axis of the radius, one passing through the most distal ulnar head surface and the other at the tip of the radial styloid (Kreder et al. 1996) . It was impossible to reliably assess the width of the osteotomy gap on plain radiographs, due to slight variations in rotation. A dichotomized variable was therefore chosen (presence of a trapezoid void or not), as proposed by Mahmoud et al 2012.
The osteotomy void was classified as trapezoid if there was a cortical gap of at least 1 mm in the palmar cortex in the lateral view and in the ulnar and radial cortices in the PA view (Figure 1 ). The position of the osteotomy (distal-proximal) was measured on the lateral view, and expressed as the perpendicular distance from the cut surface of the palmar cortex to the center of the 2 most ulnar distal screws.
Assessment of healing
The osteotomy was considered to be healed when there was no palpable tenderness over the osteotomy site and bridging callus with cortex formation was present in at least 3 of 4 cortices in the PA and lateral view (Dijkman et al. 2010 ).
Statistics
The Mann-Whitney U-test was used for group comparisons and loss of correction. Fisher's exact test was used for proportions. Any p-values of 0.05 or less were considered significant.
Ethics
The study was approved by the Regional Ethics Committee of Linköping, Sweden (M29-08). Information about the study was given by one of the 2 authors, and written informed consent was obtained. results 3 of the 15 osteotomies showed no evidence of clinical or radiographic healing after 6 months (Table 1) . At an additional procedure, the non-unions were cleaned of fibrous tissue using a small dorsal approach. The opposing sclerotic surfaces were opened using a curette, and the void packed with non-structural autograft from the iliac crest. These all healed within 3 months (Figure 2) . The 3 patients were not stastistically significantly older (p = 0.8) and had not had different time intervals between the fracture and the osteotomy from the cases that united after the index procedure (time intervals of 6, 8, and 14 months).
The defects in 6 of the 15 osteotomies were classified as being trapezoidal (Figure 1) . A trapezoid void was associated with non-union (p = 0.044). 3 patients were smokers, 1 of whom had a trapezoid void that did not unite (Table 1) . Measured on the lateral view, the center of the distal screws was positioned within 5 mm of the joint surface. The osteotomy started a median distance of 7 (4-13) mm proximal to the center of the distal screws. This position was not stastistically significantly different in the 3 non-unions when they were compared with the whole group or with the 3 other trapezoidal osteotomies.
No clinically important loss of correction was observed between the first postoperative radiograph and the one when the osteotomy had united. The dorsal angulation changed a median of 1° (p = 0.001), ulnar variance 0 mm, and radial height −0 mm. In the 3 non-unions, maximum loss of dorsal angulation was 4°, maximum loss of ulnar variance was 1 mm, and maximum loss of radial height was 1 mm.
discussion
Our findings question the safety of not filling the void created by an open-wedge osteotomy of the distal radius. 3 non-unions out of 15 is an unacceptably high rate, considering that there are very few non-unions reported in most series using iliac crest autograft (Hove and Molster 1994 , Flinkkila et al. 2000 , Ring et al. 2002 , Krukhaug and Hove 2007 )-one estimation being about 1% (Prommersberger and Fernandez 2004 )-or bone substitute (Luchetti 2004 , Abramo et al. 2008 , Scheer and Adolfsson 2009 , Abramo et al. 2010 .
Our results contrast with 4 other studies, which found no non-unions of distal radius osteotomies without the use of bone grafting or bone substitute in a total of 88 patients (Wieland et al. 2005 , Mahmoud et al. 2012 , Tarallo et al. 2014 , Tiren and Vos 2014 . Wieland et al. reported on 35 cases using dorsal pi-plates (Wieland et al. 2005) . There is no information in the paper on whether or not trapezoid voids were created, but the authors clearly stated that they used a chisel rather than an oscillating saw. Mahmoud et al. (2012) successfully treated 22 wrists using a palmar approach similar to ours. Only 3 of 22 of their osteotomies were trapezoidal in shape. About half of their patients were smokers, but how the osteotomy was created is not men- 
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tioned. The location of the osteotomies appears to have been similar to that in our study. This may be of importance, due to the possibility of different healing potential in different parts of the bone. In all our cases, the initial fracture extended into the metaphysis. 2 recent studies with 20 patients (Tarallo et al. 2014 ) and 11 patients (Tiren and Vos 2014) found similar good results, the latter paper clearly stating that there was cortical support of the osteotomies. Bone healing following a fracture or an osteotomy is dependent on several factors, including cell differentiation, compromise of vascularity, and mechanical stability. Although there are few data on the subject of metaphyseal bone healing, there are some indications that it adheres to the same biomechanical principles as diaphyseal bone healing (Claes et al. 2011) , even though bone formation may follow different paths (Aspenberg and Sandberg 2013) . It appears that with large gaps, there may be less bone formation and less vascularization (Claes et al. 1997 , Claes et al. 2003 . All non-unions in our study were classified as having no cortical contact between the osteotomy fragments, a surrogate variable for gap size.
Vascularity is excellent in the metaphyseal area. The microcirculation may, however, be compromised by tobacco smoking (Meidinger et al. 2011 , Moghaddam et al. 2011 . In the present study, the only smoker with a trapezoid void had non-union (Table 1 ). The palmar approach to the distal radius includes reflection of the pronator quadratus muscle together with the periosteum. It cannot be ruled out that stripping of the soft tissues, particularly the well-vascularized muscle, could negatively influence the healing potential of the osteotomy.
We used an oscillating saw to perform the osteotomies. The thermal effect of the saw has been incriminated as a negative factor for bone healing (Toksvig-Larsen et al. 1991) . The same method has, however, been used in several studies without adverse effects (Ring et al. 2002 , Krukhaug and Hove 2007 , Abramo et al. 2010 and it therefore appears unlikely that it would be of importance. The mechanical stability provided by the angle-stable locking plate used appears to be excellent, with minimal loss of correction, even in the cases that did not unite in 6 months.
The lack of a control group and the small size of the study population make any conclusions about the reason for the nonunions speculative, and there is possibly a combined effect of several factors. The conclusions must therefore be interpreted with caution.
Based on the results of this study, when an open-wedge osteotomy of the distal radius is performed, it may be safe not to fill the void if there is cortical contact between the fragments of the osteotomy. When a trapezoid defect is created, one should consider using bone substitute or autogenous bone graft.
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